above referenced taxa and phylogroups constitute the K. pneumoniae complex. Typically, all 48 members of this species complex are misidentified as K. pneumoniae or as K. variicola using 49 standard laboratory methods, which masks their actual clinical and epidemiological 50 significance [7] [8] [9] . The members of the K. pneumoniae complex can be correctly 51 distinguished based on whole-genome sequencing (WGS) or by sequencing taxonomic 52 marker genes such as rpoB. The chromosomal beta-lactamase gene also varies according to 53 phylogroup: Kp1, Kp2, Kp3 and Kp4 harbor bla SHV , bla OKP-A , bla LEN and bla OKP-B beta-54 lactamase genes, respectively [10, 11] . Recently, MALDI-TOF mass spectrometry protein 55 biomarkers were described for the identification of K. pneumoniae complex members (Kp1 to 56 Kp6) [12] . The aim of the present work was to define the taxonomic status of K. pneumoniae 57 phylogroups Kp5 and Kp7. 58 4 59
Materials and methods 60
A total of thirty-seven strains of species, subspecies and phylogroups related to 61 K. pneumoniae were included (Table 1, Fig. 1 ). Strain 1266 T (internal strain bank identifier, 62 SB5531) was chosen as reference strain for phylogroup Kp5, whereas strain 200023 T (internal 63 strain bank identifier, SB5857) was included as reference strain of Kp7 phylogroup. The 64 genome (Accession Number ERS214332) of the strain 38679 [13] was included for 65 phylogenetic comparisons even though the strain was not available at the time of this study. 66
Strains were grown in tryptocasein soy agar (TSA) (BioRad, Marnes-La-Coquette, France). 67
The biochemical characterization of the isolates was performed using API20E strips 68 (BioMérieux) and Biolog phenotype microarrays plates PM1 and PM2 (Hayward, CA) 69 following the protocol described by Blin et al. [3] . To extract the DNA, bacteria were plated 70 on TSA and one colony was grown overnight with shaking at 37°C in 10 ml tryptocasein soy 71 broth. DNA was extracted using the Wizard Genomic DNA purification kit (Promega, 72
Charbonnières-les-Bains, France) and stored at -20°C. Genomic sequencing was performed 73 
Results and Discussion 98
The nearly complete (1,462 nt) rrs gene sequence coding for 16S rRNA was compared 99 among K. pneumoniae strains. Only a few sites showed reliable variation (Fig. S1 ), and all 100 sequences were > 98.8% similar. The Kp5 reference strain 1266 T differed from F2R9 T (K. 101 variicola type strain) by 6 (0.41%) nucleotide positions, whereas Kp7 strain 200023 T differed 102 from KPN1705 (Kp6 reference strain) and DSM 30104 T (K. pneumoniae type strain) by 12 103 (0.82%) nucleotide positions in both cases. The phylogenetic information content of the 104 highly conserved 16S rRNA sequence did not allow to reliably infer a phylogeny of 16S 105 sequences ( Fig. S1 ) as previously reported [21, 22] . 106
Maximum-likelihood phylogeny based on the recombination-purged nucleotide 107 sequence alignments of 1,703 core genes ( Fig. 1 ) showed seven highly supported branches. 108
Phylogroup Kp5 was strongly associated with Kp3 (K. variicola), whereas Kp7 was 109 associated with Kp6 and Kp1 (K. pneumoniae) groups. The latter result suggests that Kp6 and 110
Kp7 share a common ancestor with K. pneumoniae and may therefore represent the closest 111 relatives of the clinically most significant member of the species complex. Phylogenies based 112 on the five concatenated housekeeping genes fusA, gapA, gyrA, leuS and rpoB, and of 113 chromosomal beta-lactamases, both corroborated the distinction among the seven groups (Fig. 114 S2 and Fig. S3 ). The phylogeny of chromosomal beta-lactamases was highly concordant with 115 core genes phylogeny, with the remarkable exception of phylogroup Kp6, which harbored two 116 different types of beta-lactamases, bla LEN and bla OKP-D , depending on the strain. This is 117 consistent with frequent homologous recombination observed in the Kp6 phylogroup using 118 Gubbins (data not shown) and as previously reported [23] . In order to estimate the genome-119 wide divergence among phylogroups, average nucleotide identity (ANI) was used. The ANI 120 values of Kp5 (strain 1266 T ) with K. variicola F2R9 T (Kp3) was 96.4%, above the cut-off 121 value (approximately 95-96%) proposed for species distinction [24, 25] . In contrast, the ANI 122 7 values of Kp7 strain 200023 T with 'K. quasivariicola' KPN1705 (Kp6) and K. pneumoniae 123 DSM30104 T (Kp1) were 94.9% and 94.7%, respectively ( Table 2 ). The isDDH relatedness of 124 1266 T (Kp5) with Kp3 strains ranged from 75.0% to 75.5%, but ranged from 51.2% and 125 56.0% with the other phylogroups. For 200023 T the isDDH relatedness with Kp1 to Kp6 126 phylogroups was between 50.5% and 61.9%, well below the ~70% cut-off used to define 127 bacterial species. Therefore, both ANI and isDDH analyses lead us to consider that 1266 T is a 128 subspecies of K. variicola (Kp3) and that 200023 T represents a novel Klebsiella species. 129
The phenotypic characteristics of the strains were compared (Table S1, Fig. 1 ). Using 130 API20E strips we confirmed that all Kp5 strains and 200023 T were positive for the utilization 131 of lactose and mannitol, for the urease, malonate, lysine decarboxylase, Voges-Proskauer and 132 ONPG tests, and reduced nitrate to nitrite, whereas they were negative for indole and 133 ornithine decarboxylase. Furthermore, microscopy confirmed that all strains were non-motile. 134
The use of phenotype microarrays provided insights into the metabolic profiles of the seven 135 phylogroups and identified carbon sources that differentiate Kp5 and Kp7 strains form other 136 groups (Fig. 1 ). The inability to metabolize mono-methyl succinate, D-lactic acid methyl ester 137 and 3-O-(ß-D-galactopyranosyl)-D-arabinose, and the ability to metabolize D-psicose 138 differentiated Kp5 strains from K. variicola. Kp7 strain 200023 T was unique in being unable 139 to metabolize D-arabitol and was also differentiated from 'K. quasivariicola' and 140 K. pneumoniae, its closest phylogenetic neighbors, by the ability to metabolize D-L-carnitine 141 and 4-hydroxy-L-proline, respectively. 142
Based on the above genomic and phenotypic characteristics, we propose that Kp5 be 143 considered as a subspecies of K. variicola, which we propose to name K. variicola subsp. 
